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Acoustic Device 



10 This invention relates to apparatus incorporating an 

acoustic device and additional functionality. 

Bending wave or distributed mode loudspeakers (DMK) 
are described in WO97/09842 and other documents in the 
name New Transducers. Ltd. Some loudspeakers are used in 

15 applications where the loudspeaker element has additional 
functionality, such as a ceiling tile, a projection screen 
or as a frame for hanging artwork. 

According to the invention there is provided an 
apparatus comprising a bending wave panel and a transducer 

2 0 attached to the bending wave panel for coupling to the 
bending waves in the panel, wherein the surface of the 
panel is used to supply a plurality of additional 
functions. 

The apparatus according to the invention may 
2 5 accordingly reduce' the surface area required to provide a 
plurality of functions. 

Such multiple combinations would be more difficult 
using conventional loudspeakers - it is not possible to 
mount keypads,, displays etc on the cone of a conventional 




r 2 

loudspeaker without interfering with its function. 

The additional functionality may include a touch 
keyboard on its surface and means for providing force - 
feedback (haptics capability) . This allows the keyboard 
5 function to occupy the same surface ' area as the 
loudspeaker. This reduction in surface area may be of 
particular benefit in portable device applications, such 
as mobile 'phones, videophones or electronic organisers. 

Touch related functionality can be included. For 

10 example, the sensation of a button 'click' could be 
achieved by playing a transient "spike" function through 
the exterior surface. This may eliminate the need for a 
conventional keypad. The tone may be acoustic, a click, a 
tone or a voice or specific tones may be assigned to 

15 specific data entered on the keyboard. Acoustic and 
tactile feedback may be provided in combination. 
Alternatively, regions may be locally heated to provide 
tactile feedback. 

The additional functionality may include the use of 

2 0 the bending wave panel as a display. The panel may be 
transparent and a visual display device may be mounted 
behind the panel. Alternatively, the panel itself may have 
a display capability, for example by using light emitting 
polymers or pigments. 

25 The combination of haptics/touch sensitive 

functionality and a display may be used to provide a touch 
sensitive display. - 

Other functions may be provided- The panel may 
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function as a microphone and/or loudspeaker. The panel 
may function as a ringer loudspeaker, and/or vibration 
transducer for mobile 'phones, pagers etc. 

An embedded stills or video camera may be provided. 
5 Chromatic characteristics may be included, such as 

anti-glare or mirrored finishes. Active chromatics may be 
provided, such as photo-chromatics or thermo-chromat ics . 

The transducer may excite bending waves on the panel 
to cause it to emit sound at a variety of volumes, 
- 10 suitable for use as an earpiece of, for example, a 
telephone handset, as a loudspeaker or both. The volume 
of sound output may be adjusted depending on the 
application. Due to the multi-functional nature of the 
speaker itself, the range of functional combinations is 

15 further increased. For example the demonstrable capacity 
to produce a bending wave and transducer drive unit 
capable of being used in privacy mode (earpiece) as well 
.as a hands -free conference mode removes the need for a 
perforated screen in between the drive unit and the 

20 listener's ear, as required using conventional 
loudspeakers . 

A specific embodiment of the invention will now be 
described, purely by way of example, with reference to the 
accompanying drawing which shows a PDA according to the 
2 5 invention. 

The drawing shows a PDA 1 having a casing 3 and a 
panel 5. The panel is a bending wave panel and functions 
as a microphone due to a microphone transducer 7 fixed to 



the panel. As an alternative, a unitary small microphone 
with a local aperture could be used. The panel is 
transparent to allow a display 9 to be viewed through the 
panel . 

The panel also functions as a keyboard and has 
individual keys 11 marked on its surface. Tactile 
feedback is provided by a tactile exciter 13 mounted on 
the panel to provide pulses to the panel when a key is 
depressed. An earphone/ speaker exciter 15 is provided to 
allow the panel to function as a loudspeaker. Depending 
on the volume, the PDA may be held to the user's ear or be 
used as a loudspeaker telephone, sitting, for example, on 
a desk. 

The speaker exciter may be energised in the body 
perceived band around 80Hz to provide silent signalling of 
a call. Increased efficiency will result if the exciter is 
chosen to be resonant at this frequency. For an NXT 
exciter the magnet mass and suspension compliance may be 
chosen to this end. 

A mobile communications aerial 17 and associated 
conventional mobile telephony circuitry (not shown) allows 
the device to function as a mobile telephone or to send 
emails or messages. 

The surface of the panel may be of appropriate 
thinness and moderate mechanical impedance to be set into 
bending vibration for several purposes, using the 
transparent area for display. 

The invention may have application in the following 
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fields: Mobile 'phones, pagers, communicators, Multimedia 
devices (TV, PC, DVD players etc), Laptops, PDAs, portable 
music, white or brown goods, cameras/video cameras, toys, 
games, automotive, transportation, telematic applications- 
5 such as navigation or entertainment, control surfaces, 
product housings, accessories, video -phones /video 

conferencing, TV/3D-TC/Virtual reality or augmented 
reality devices, architectural or building surfaces, 
medical devices, furniture, industrial machinery, office 
'10 equipment, clothing and badges, credit cards, smart cards, 
novelty and greetings products, art or defence. 

As a further example, a combined media player may be 
provided, having mono, stereo or multi -channel sound. The 
player may function as some or all of a computer, 

15 communicator, web TV, videophone, camcorder, dictaphone, 
organiser, augmented reality window, GPS/navigator, to or 
game. A single surface could have a touch sensitive 
display, a • sound source (ear-piece, hands-free 
loudspeaker, ringer and bleeper) , haptics capability, 

2 0 microphone, embedded camera and/or video camera. The 
device could be supplemented by viewing apparatus for 3-D 
image perception or additional sound sources for 
reproducing extra audio channels, e.g. rear channels and a 
sub-woofer as typically installed in home cinema and other 

25 surround sound applications. 

From another aspect this invention relates to the 
amalgamation of a vibrp-acoustic device with other sensory 
features and functionality which results in significant 



benefits for the manufacture and use of Human Machine 
Interfaces (HMI) . The concept allows the simultaneous 
integration of a wide range of acoustic and other sensory 
functions into what will be referred to as an "Hyper- 
Functional Surface" . The term is coined as an attempt to 
covey the increased number of functional synergies made 
possible within a single component assembly. 

Originality is claimed -for extending the perception of 
acoustic radiating surfaces to include other sensory 
functions beyond simple touch-sensitivity. The principle 
can be applied equally well to both bending wave 
loudspeakers (eg the Distributed Mode Loudspeaker - DML) 
as well as pistonic acoustic radiators. 

Previously, perceptions of DML technology have included 
the use of both opaque and transparent loudspeaker panels 
which may incorporate a touch- sensitive capability. The 
first extension to this perception is the inclusion of a 
force feedback facility into the same surface. Combining 
this 'haptics' functionality with a transparent, touch- 
sensitive DML results in a single device which can be used 
to view information, hear acoustic signals (messages, 
bleeps,, clicks etc) and feel 'simulated' button clicks 
through one's finger tips. Alternatively, 'passive' force 
feedback may also be achieved by utilising non-linear 
panel mounts, which again results in the sensation of a 
button-click when depressing the exterior of the Hyper- 
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Functional Surface. In certain applications (such as hand- 
held devices) , one benefit to adopting Hyper -Functional 
Surfaces could be to completely eliminate the need for 
separate keypads . 

5 

However, it should be noted that the functional mix 
described above is just one example of the wide range of 
'component synergies' made possible by the principle of 
Hyper -Functional Surface. The invention therefore 
10 'unlocks' a large number a new device options which can be 
expressed as the total number of combinations of each of 
the separate sensory functions in conjunction with any or 
all of the other stated functions. Such HMI functions may 
include: - 

15 

display surfaces (transparent window or opaque images) 
multi-functional loudspeaker (receiver / hands-free etc) 
touch sensitivity 

force feedback (haptics touch feature) 
2 0 embedded heating / cooling elements 

passive chromatic finishes - eg mirrored etc 

active chromatic finishes (eg photo or thermo chromatics) 

surface textures and variable surface contours 

embedded camera (s) - ie, video or stills 



25 



embedded single microphone sensors or arrays 
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a variety of other sensors, eg chemical composition, 
electrical sensors, light-meters etc etc 



In the case where an Hyper- Functional Surface (HFS) is 
5 behaving as a transparent display window, the window would 
be mounted in front of a conventional display surface such 
as an LCD panel etc. However if light -emit ting surface 
finishes are applied (eg light-emitting polymers) the HFS 
may also incorporate the display function itself, hence 
10 further reducing the number of components needed for a 
versatile HMI device. 



In certain applications (eg communications and computing) , 
future product bulk is tending towards zero (ie 

15 approximately zero internal volume required for 
components) . The 'usefulness metric' of such a device 
therefore becomes expressed in terms of '^functionality per 
unit surface area". The hyper-f unctional surface 
anticipates this trend and offers the designer a way to 

2 0 maximise the range of sensory options for any given 
surface . 

A specific embodiment of the invention will now be 
described, purely by way of example, with reference to the 
2 5 accompanying drawing which shows a Smart -Phone / PDA 
according to the invention. 
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The drawing shows a Smart -Phone / PDA fig.l having a 
casing 1 and a touch- sensitive panel 2 which behaves as an 
HFS. The panel is made from a transparent material 
5 allowing an LCD display (mounted behind the HFS) to be 
viewed. The panel also functions as the keypad or keyboard 
(querty etc) and has individual keys 3 which appear on the 
display when the device is operating in these modes. 



10 The panel is of the appropriate thickness and moderate 
mechanical impedance to be set into bending vibration for 
several vibro-acoustic puirposes . Haptics feedback is 
provided by tactile actuators 4 mounted on the panel to 
provide pulses to the panel when a key is depressed. The 

15 haptics function gives the sensation of simulated key 
depressions or other tactile feedback eliminating the need 
for a separate key-pad or keyboard. 

The same actuators also double -up as vibration 
2 0 transducers turning the panel into a mult i -mode 
loudspeaker (telephone ear-piece / hands- free speaker / 
ringer) . The speaker exciter may be energised in the 
body perceived band around 8OH2 to provide silent 
signalling of a call. 

25 

Twin microphone transducers 5 embedded in the panel 
allow sound capture and localisation for sound 
reproduction when in conference call or video mode. Images 



10 

are captured using the ernbedded digital camera (s) 6 



An embedded mobile communications aerial and associated 
conventional mobile telephony circuitry (not shown) allows 
5 the device to function as a mobile telephone or to send 
and receive messages or video material . 

Taking this application to an extreme it could within its 
apparently simple construction perform the function of 
10 many distinct devices which all use the HFS as the user's 
main interface medium. 

Such functionality could simultaneously include a combined 
media player having mono, stereo or multi-channel sound. 

15 It may function as a computer, communicator, web TV, 
video-phone, camcorder, dictaphone, organiser, augmented 
reality window, GPS/navigator, game and wearable fashion 
accessory. The device could be supplemented by viewing 
apparatus for 3-D image perception or additional sound 

2 0 sources for reproducing extra audio channels, e.g. rear 
channels and sub- woofer. 

By considering this example it becomes apparent that 
hyper- functional surfaces could have relevance to 
25 applications in each of the following fields: - 

Control surfaces in all consumer / industrial applications 
(including displays or product housings) 



I. • 




Telephones - mobile, fixed, intercoms, pagers, videophones 
Multimedia, Laptops, PDAs etc 

Portable music or video players & recorders / Dictaphones 
Toys Sc games 
5 Cameras / video cameras 

TV / 3D-TV / Virtual & augmented reality / Video -on -Demand 
White goods / Brown goods 

Architecture / building, furniture, office equipment 
Medical devices 
10 Clothing / badges / labelling 
Novelty and greetings products 
Credit cards, -smart cards 
Art 

Defence 



15 
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